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Experimental Details 
 
General Considerations 
Unless otherwise specified, all operations were carried out in an MBraun drybox under a nitrogen 
atmosphere or using standard Schlenk and vacuum line techniques. Solvents for air- and moisture-sensitive 
reactions were dried over sodium benzophenone ketyl, calcium hydride, or by the method of Grubbs.[1] 
Deuterated solvents were purchased from Cambridge Isotope Laboratories and vacuum transferred from 
sodium benzophenone ketyl (C6D6 and THF-d8) or calcium hydride (CD3CN). Solvents, once dried and 
degassed, were vacuum transferred directly prior to use or stored under inert atmosphere over 4 Å molecular 
sieves. 1,[2] 2,[3] [Na][BArF24],
[4] [(Et2O)2H][BAr
F
24]
[5], [Fc][BArF24]
[6], LiBDEt3
[7] and Rh(tBuxanPOP)Cl[8] 
were prepared according to literature procedures. [(Et2O)2D][BAr
F
24] was prepared from 
[(Et2O)2H][BAr
F
24] except DCl was used in lieu of HCl. HCl (1.0 M in Et2O), DCl (1.0 M in Et2O), LiBHEt3 
(1.0 M in THF), LiD were obtained from Sigma Aldrich. Cobaltocene was obtained from Strem Chemicals. 
Mg0 (activated according to a literature report),4 3,5-bis(trifluoromethyl)bromobenzene, and sodium 
tetrafluoroborate (dried under vacuum at 60 °C for 12 h) were obtained from Fischer Scientific. Unless 
indicated otherwise, all chemicals were used as received. 1H, 13C{1H}, and 31P{1H} NMR spectra were 
recorded on a Varian 400 MHz or Varian INOVA-500 spectrometers with shifts reported in parts per million 
(ppm). 1H and 13C{1H} NMR spectra are referenced to residual solvent peaks.[9] 31P{1H} chemical shifts 
are referenced to an external 85% H3PO4 (0 ppm) standard. Multiplicities are abbreviated as follows: s = 
singlet, d = doublet, dd = doublet of doublets, t = triplet, vt = virtual triplet, app t = apparent triplet, dt = 
doublet of triplets, q = quartet, qq = quartet of quartets, m = multiplet, and br = broad. CV and square-wave 
voltammetry were performed with a Pine Instrument Company AFCBP1 biopotentiostat with the AfterMath 
software package. All measurements were performed in a three-electrode cell, which consisted of glassy 
carbon (working; ϕ = 3.0 mm), Ag wire (counter), and bare Pt wire (reference), in a N2-filled M. Braun 
glovebox at room temperature. Dry THF or DME that contained 100 mM [Bu4N][PF6] was used as the 
electrolyte solution. The ferrocene/ ferrocinium (Fc/Fc+) redox couple was used as an internal standard for all 
measurements. Hydricity of 5H was estimated from the reaction of 5H and weak acid[10]. The progress of the reaction 
was monitored by 31P {1H} NMR spectroscopy. Weak acids were made in situ from [(Et2O)2H][BArF24] and slight 
excess amount (1.1 equiv.) of strong bases (EtP2DMA (pKa = 28.1[11]), t-BuP1 (pKa = 22.8[11]) or DBU (pKa = 19.1[11])) 
in ether. After preparing the acids, volatiles were removed in vacuo and the solid acids were diluted to 0.1 M with 
THF. EtP2DMA = 1-Ethyl-2,2,4,4,4-pentakis(dimethylamino)-2λ5,4λ5-catenadi(phosphazene), t-BuP1= tert-
Butylimino-tris(dimethylamino)phosphorane, DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene. 
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Synthesis of 3 
 
Complex 1 (38 mg, 0.064 mmol) was added to a 20 mL scintillation vial and dissolved in C6H6 (2 mL) to 
afford a homogeneous red solution. A second scintillation vial was charged with a C6H6 solution (3 mL) of 
2 (40 mg, 0.064 mmol) and a stir bar. Stirring was initiated and the solution of 1 was added to the vial 
containing 2, dropwise. The reaction was left to stir for 1 h, during which time it changed color from brown 
to deep red. The solvent was lyophilized and the resulting red powder was washed first with hexanes (1 mL 
x 3) and then Et2O (1 mL x 2). The residue was dried in vacuo, providing spectroscopically pure 3 as a dark 
red powder (66 mg, 0.056 mmol, 87% yield). X-ray quality crystals were obtained by diffusion of pentane 
into a PhMe solution of 3 at -35 °C or by layering hexanes onto a concentrated PhMe solution of 3. 
1H (400 MHz, C6D6, 23 °C) δ: 9.00 (dd, J = 3.97 & 3.78 Hz, 1H, aryl-H), 7.46 (d, J = 7.25 Hz, 1H, aryl-H), 
7.28-7.36 (m, 4H, aryl-H), 7.18-7.24 (m, 3H, aryl-H), 7.09-7.12 (m, 1H, aryl-H), 7.02-7.06 (m, 3H, aryl-
H), 6.96-6.98 (m, 3H, aryl-H), 5.46 (d, J = 3.46 Hz, 1H, central arene-H), 5.29 (br s, 1H, central arene-H), 
4.98 (d, J = 6.72 Hz, 1H, central arene-H), 4.95 (d, J = 4.35 Hz, 1H, central arene-H), 4.26 (d, J = 5.27 Hz, 
1H, central arene-H), 4.03 (t, J = 5.07 Hz, 1H, central arene-H), 3.88 (t, J = 4.97 Hz, 1H, central arene-H), 
3.62 (d, J = 6.76 Hz, 1H, central arene-H), 2.75-2.84 (m, 1H, CH(CH3)2), 2.64-2.72 (m, 2H, CH(CH3)2), 
2.38-2.45 (m, 1H, CH(CH3)2), 2.17-2.27 (m, 2H, CH(CH3)2), 2.08 (m, 1H, CH(CH3)2), 1.79-1.88 (m, 1H, 
CH(CH3)2), 1.63-1.69 (m, 3H, CH(CH3)2), 1.45-1.50 (m, 3H, CH(CH3)2), 1.24-1.41 (m, 12H, CH(CH3)2), 
1.15-1.20 (m, 9H, CH(CH3)2), 0.86-1.02 (m, 15H, CH(CH3)2), 0.78-0.84 (m, 3H, CH(CH3)2), 0.45-0.50 (m, 
3H, CH(CH3)2). 
13C{1H} (126 MHz, C6D6, 23 °C) δ: 151.23 (d, J = 29.67 Hz, aryl-C), 150.93 (d, J = 29.15 
Hz, aryl-C), 150.78 (d, J = 24.60 Hz, aryl-C), 149.84 (d, J = 23.19 Hz, aryl-C), 149.02 (d, J = 22.69 Hz, 
aryl-C), 147.64 (d, J = 22.28 Hz, aryl-C), 146.98 (d, J = 30.92 Hz, aryl-C), 134.09 (d, J = 23.08 Hz, aryl-
C), 133.99 (d, J = 4.61 Hz, aryl-C), 131.57 (d, J = 4.44 Hz, aryl-C), 131.54 (d, J = 2.58 Hz, aryl-C), 130.86 
(s, aryl-C), 129.24 (br s, aryl-C), 129.20 (d, J = 1.73 Hz, aryl-C), 129.00 (br s, aryl-C), 128.69 (br d, J = 
1.46 Hz, aryl-C), 128.50 (br d, J = 2.52 Hz, aryl-C), 127.55 (br, aryl-C; four overlapping 13C resonances 
appear within a range of 0.18 ppm inhibiting multiplicity assignments—the signals are unequivocally 
observed in the 1H/13C HSQC spectrum (Figure S5)), 127.47 (br, aryl-C), 127.41 (br, aryl-C), 127.37 (br, 
aryl-C), 126.78 (d, J = 4.04 Hz, aryl-C), 126.54 (d, J = 3.92 Hz, aryl-C), 126.01 (s, aryl-C), 118.11 (d, J = 
4.18 Hz, central arene-C), 116.34 (s, central arene-C), 103.56 (br, central arene-C), 101.61 (br d, J = 3.69 
Hz, central arene-C), 99.75 (br m, central arene-C), 88.75 (s, central arene-C), 86.68 (s, central arene-C), 
84.26 (s, central arene-C), 83.52 (d, J = 17.50 Hz, central arene-C), 79.26 (d, J = 3.58 Hz, central arene-C), 
78.86 (d, J = 3.35 Hz, central arene-C), 76.21 (s, central arene-C), 33.38 (d, J = 18.04 Hz, CH(CH3)2), 31.39 
(d, J = 15.52 Hz, CH(CH3)2), 31.33 (d, J = 13.37 Hz, CH(CH3)2), 30.25 (d, J = 9.55 Hz, CH(CH3)2), 29.79 
(d, J = 9.59 Hz, CH(CH3)2), 26.24 (d, J = 16.30 Hz, CH(CH3)2), 26.09 (d, J = 12.25 Hz, CH(CH3)2), 22.76 
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(s, CH(CH3)2), 21.86 (d, J = 18.32 Hz, CH(CH3)2), 21.71 (d, J = 6.82 Hz, CH(CH3)2), 21.56 (d, J = 7.72 
Hz, CH(CH3)2), 21.08 (d, J = 3.40 Hz, CH(CH3)2), 20.90 (br s, CH(CH3)2), 20.79 (d, J = 11.24 Hz, 
CH(CH3)2), 20.66 (d, J = 1.96 Hz, CH(CH3)2), 20.44 (s, CH(CH3)2), 20.15 (d, J = 3.45 Hz, CH(CH3)2), 
20.11 (d, J = 20.85 Hz, CH(CH3)2), 19.92 (s, CH(CH3)2), 19.78 (d, J = 3.54 Hz, CH(CH3)2), 18.79 (d, J = 
5.56 Hz, CH(CH3)2), 18.65 (d, J = 7.50 Hz, CH(CH3)2), 18.39 (d, J = 5.14 Hz, CH(CH3)2), 17.85 (d, J = 
6.46 Hz, CH(CH3)2). 
31P{1H} (162 MHz, C6D6, 23 °C) δ: 1161.00 (br s, μ-P), 82.89 (d, J = 13.21 Hz, Mo–
P), 73.74 (app t, J = 19.59, Mo–P), 70.34 (app t, J = 18.47 Hz, Mo–P), -5.27 (s). Anal. Calcd. for 3 
C60H80ClMo2P5 (%): C, 60.89; H, 6.81; N, 0.00 Found: C, 59.54, H, 6.92, N, <0.01. 
Synthesis of 4 
 
A solution of [Na][BArF24] (33 mg, 0.037 mmol) in Et2O (2 mL) was added to a 20 mL scintillation vial 
charged with a C6H6 (3 mL) solution of 3 (40 mg, 0.034 mmol) and a stir bar. The vial was capped and left 
to stir for 12 h; during this time, a significant amount of precipitate formed. The suspension was filtered 
through Celite, and the filter cake washed with Et2O (1 mL x 3) and then C6H6 (1 mL x 3). The residue was 
then extracted with THF until the filtrate was colorless. The deep red THF solution was concentrated under 
reduced pressure (to a volume of ca. 1 mL) and layered with pentane (10 mL). After 12 h, complex 4 was 
collected as analytically pure dark red microcrystals (43 mg, 0.024 mmol, 72% yield). X-ray quality single 
crystals of 4 were grown from the diffusion of pentane into a THF solution of the complex. 
1H (500 MHz, THF-d8, 25 °C) δ: 7.80 (br s, 8H, BAr
F
24 ortho-H), 7.58 (s, 4H, BAr
F
24 para-H), 7.50 (d, J = 
7.69 Hz, 4H, aryl-H), 7.42 (br d, J = 7.32 Hz, 4H, aryl-H), 7.37 (app t, J = 6.96 Hz, 4H, aryl-H), 7.26 (app 
t, J = 7.57 Hz, 4H, aryl-H), 5.41 (s, 4H, central arene-H), 4.51 (s, 4H, central arene-H), 2.63-2.70 (m, 4H, 
CH(CH3)2), 2.18-2.23 (m, 4H, CH(CH3)2), 1.18-1.23 (m, 24H, CH(CH3)2), 0.94-0.98 (m, 12H, CH(CH3)2), 
0.74-0.79 (m, 12H, CH(CH3)2). 
13C{1H} (126 MHz, THF-d8, 25 °C) δ: 161.82 (q, J = 49.83 Hz, BAr
F
24 
aryl-C), 149.33 (d, J = 31.81 Hz, aryl-C), 147.61 (vt, J = 11.13 Hz, aryl-C), 134.60 (br s, BArF24 aryl-C), 
133.19 (s, BArF24 aryl-C), 129.19 (s, aryl-C), 129.03 (qq, J = 31.49 & 2.86 Hz, BAr
F
24 aryl-C), 127.21 (vt, 
J = 3.80 Hz, aryl-C), 126.81 (br s, aryl-C), 124.52 (q, J = 272.37 Hz, BArF24 CF3), 117.17 (m, BAr
F
24 aryl-
C), 101.66 (t, J = 2.62 Hz, central arene-C), 93.62 (s, central arene-C), 81.93 (br s, central arene-C), 32.27 
(br s, CH(CH3)2), 28.74 (br s, CH(CH3)2), 25.39 (s, CH(CH3)2), 21.17 (s, CH(CH3)2), 19.85 (br s, 
CH(CH3)2), 19.61 (s, CH(CH3)2). 
31P{1H} (162 MHz, THF, 23 °C) δ: 1123.27 (br s, μ-P), 68.62 (br s, Mo–
P). Anal. Calcd. for 4•THF C96H100BF24Mo2OP5 (%): C, 55.34; H, 4.84; N, 0.00 Found: C, 55.38, H, 5.21, 
N, 0.04. 
 
S6 
 
 
Synthesis of 5H 
 
 
A solution of 3 (313 mg, 0.25 mmol) in THF (3 mL) was added to a 20 mL scintillation vial with and a stir 
bar. A second 20 mL scintillation vial was charged with a THF solution of LiBEt3H (0.25 mL, 1 M in THF) 
and the contents diluted with 5 mL THF. Both solutions were frozen in an LN2 cold well. The two solutions 
were combined, with stirring, immediately upon thawing. The resulting reaction mixture was left to stir 
overnight, and then the solvent was removed in vacuo. The residue was triturated with hexane (3 mL), then 
suspended in pentane (5 mL) and filtered through Celite. The filter cake was extracted with pentane (10 
mL). The combined filtrates were transferred to a 20 mL scintillation vial and placed in a -35 °C freezer 
overnight, affording reddish-brown crystals that were collected by suction filtration on a fritted funnel. 
Yield 57 mg (82% 5H: 18% C14H10, 15 % yield) as dark red microcrystalline solids. Efforts to further purify 
5H away from anthracene (via crystallization) afforded pure material, but in non-synthetically useful yields. 
As such, mixtures of 5H and anthracene (ca. 4:1) were used for all reactivity studies. X-ray quality crystals 
of 5H were grown by chilling a saturated pentane solution to -35 °C overnight and were mechanically 
separated from co-crystallized anthracene immediately prior to diffraction. 1H (400 MHz, C6D6, 23 °C) δ: 
8.20 (dd, 1H, J = 7.29 & 3.28 Hz, aryl-H), 7.50-7.45 (m, 2H, aryl-H), 7.39-7.27 (m, 4H, aryl-H), 7.20-7.17 
(m, 1H overlapped with benzene, aryl-H), 7.10-6.94 (m, 6H, aryl-H), 6.92-6.81 (m, 2H, aryl-H), 5.32 (d, J 
= 4.61 Hz, 2H, central arene-H), 4.88 (s, 2H, central arene-H), 3.87 (s, 2H, central arene-H), 3.35 (br s, 2H, 
central arene-H), 2.50-2.28 (m, 4H, CH(CH3)2), 1.97 (septet, J = 6.30 Hz, 2H, CH(CH3)2), 1.62-1.41 (m, 
12H, CH(CH3)2), 1.25-0.80 (m ,38H (overlapped with pentane), CH(CH3)2), -1.57 (br t, J = 21.89 Hz, 1H, 
Mo-H). 13C{1H} (101 MHz, C6D6, 23 °C) δ: 150.36 (d, J = 29.67 Hz, aryl-C), 148.55 (d, J = 24.45 Hz, aryl-
C), 147.17 (d, J = 20.20 Hz, aryl-C), 145.51 (d, J = 25.35 Hz, aryl-C), 135.55 (d, J = 24.04 Hz, aryl-C), 
134.72 (d, J = 4.52 Hz, aryl-C), 131.77 (d, J = 3.04 Hz, aryl-C), 131.21 (br s, aryl-C), 129.00 (br s, aryl-C), 
128.66 (br s, aryl-C), 129.00 (br s, aryl-C), 127.13 (br s, aryl-C), 127.06 (br s, aryl-C), 127.02 (br s, aryl-
C), 126.98 (br s, aryl-C; four overlapping 13C resonances appear within a range of 0.15 ppm inhibiting 
multiplicity assignments), 126.66 (br s, aryl-C), 126.56 (br s, aryl-C), 126.16  (br s, aryl-C), 126.09 (br s, 
aryl-C), 97.83 (br s, central arene-C), 86.14 (br s, central arene-C), 83.54 (br, central arene-C) 75.38 (s, 
central arene-C), 67.91 (s, central arene-C) 28.38 (d, J = 13.64 Hz, CH(CH3)2), 24.81 (d, J = 17.78 Hz, 
CH(CH3)2), 21.68 (br s, CH(CH3)2), 20.77-19.34 (m, CH(CH3)2), 18.66 (br s, CH(CH3)2). 
31P{1H} (162 
MHz, C6D6, 23 °C) δ: 1057.42 (br s, μ-P), 103.87 (s, Mo–P), 69.45 (br s, Mo–P), -4.40 (s). FTIR: (ν) 3053 
(m), 2951 (s), 2924 (s), 2864 (s), 1730 (w), 1584 (m), 1561 (w), 1505 (m), 1459 (s), 1432 (m), 1378 (m), 
1360 (m), 1275 (m), 1230 (m), 1157 (m), 1123 (m), 1074 (m), 1037 (m), 1020 (m), 1006 (m), 986 (w), 922 
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(w), 880 (m), 802 (m), 758 (s), 742 (m), 722 (w), 685 (w), 645 (s), 510 (s), 479 (s), 431 (w) cm-1. Anal. 
Calcd. for 5•pentane C65H93Mo2P5 (%): C, 63.93; H, 7.68; N, 0.00 Found: C, 63.89, H, 7.85, N, <0.01. Note: 
single crystals were used for combustion analysis. 
Synthesis of 5D 
The compound was synthesized from 3 (30 mg, 0.025 mmol) and a THF solution of LiBEt3D (0.05 mL, 0.5 
M in THF). Yield 8.0 mg (27 %). 1H (400 MHz, C6D6, 23 °C) δ: 8.20 (dd, 1H, J = 7.29 & 3.28 Hz, aryl-H), 
7.50-7.45 (m, 2H, aryl-H), 7.39-7.27 (m, 4H, aryl-H), 7.20-7.17 (m, 1H overlapped with benzene, aryl-H), 
7.10-6.94 (m, 6H, aryl-H), 6.92-6.81 (m, 2H, aryl-H), 5.32 (d, J = 4.61 Hz, 2H, central arene-H), 4.88 (s, 
2H, central arene-H), 3.87 (s, 2H, central arene-H), 3.35 (br s, 2H, central arene-H), 2.50-2.28 (m, 4H, 
CH(CH3)2), 1.97 (septet, J = 6.30 Hz, 2H, CH(CH3)2), 1.62-1.41 (m, 12H, CH(CH3)2), 1.25-0.80 (m ,38H 
(overlapped with pentane), CH(CH3)2) 
31P{1H} (162 MHz, C6D6, 23 °C) δ: 1057.38 (br s, μ-P), 103.81 (s, 
Mo–P), 69.40 (br s, Mo–P), -4.40 (s). FTIR: (ν) 3053 (m), 2951 (s), 2924 (s), 2864 (s), 1584 (m), 1561 (w), 
1505 (m), 1459 (s), 1432 (m), 1378 (m), 1360 (m), 1275 (m), 1230 (m), 1157 (m), 1123 (m), 1074 (m), 
1037 (m), 1020 (m), 1006 (m), 986 (w), 922 (w), 880 (m), 802 (m), 758 (s), 742 (m), 722 (w), 685 (w), 645 
(s), 510 (s), 479 (s), 431 (w) cm-1. 
 
 
 
Synthesis of 6H 
 
 
To a 20 mL scintillation vial with a stir bar were added 4 (75 mg, 0.037 mmol) and [(Et2O)2H][BAr
F
24] (43 
mg, 0.042 mmol) in DME (1 mL). The solution was stirred for 30 min. Et2O (3 mL) was added to the 
reaction and the resulting mixture was concentrated to ca. 2 mL under reduced pressure. The suspension 
was filtered through Celite and the resulting solids were washed additional Et2O. The dark red solid was 
extracted with THF (5 mL) and the THF filtrate was evaporated to dryness. Yield 82 mg (77 %). X-ray 
quality single crystals were grown from the diffusion of pentane into a DME solution of the complex. 
Dichroic crystals (green and purple) and brown microcrystals were obtained. The dichroic crystals resulted 
a complex 7 formally missing a hydrogen atom. The brownmicrocrystals did not strong show diffraction. 
1H (400 MHz, 70 % CD3CN and 30 % C6D6, 23 °C) δ: 8.14 (m, 16H, BAr
F
24 ortho-H), 7.89 (s, 8H, BAr
F
24 
para-H), 7.78-7.72 (m, 6H, aryl-H), 7.67 (t, J = 6.99 Hz, 2H, aryl-H), 7.59-7.33 (m, 8H overlapped with 
benzene, aryl-H), 6.08 (s, 2H, central arene-H), 5.74 (s, 2H, central arene-H), 5.24 (s, 2H, central arene-H), 
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4.92 (s, 2H, central arene-H), 2.86-2.57 (m, 4H, CH(CH3)2), 2.44-2.13 (m, 4H, CH(CH3)2), 1.58-0.80 (m, 
42H overlapped with solvents, CH(CH3)2), 0.68-0.56 (m, 6H, CH(CH3)2). 
13C{1H} (101 MHz, 70 % CD3CN 
and 30 % C6D6, 23 °C) δ: 162.48 (q, J = 49.96 Hz, BAr
F
24 aryl-C), 135.39 (s, BAr
F
24 aryl-C), 134.31 (d, J 
= 18.21 Hz, aryl-C), 131.85 (d, J = 54.19 Hz, aryl-C), 129.77 (q, J = 31.42 Hz, BArF24 aryl-C), 126.55 (s, 
aryl-C), 123.85 (s, aryl-C), 121.15 (s, aryl-C), 118.34 (m, BArF24 aryl-C), 112.84 (s, aryl-C), 106.63 (s, aryl-
C), 100.61 (s, central arene-C), 96.02 (s, central arene-C), 89.21 (s, central arene-C), 88.63 (s, central arene-
C), 34.43 (d, J = 24.04 Hz, CH(CH3)2), 33.07 (m, CH(CH3)2), 29.96 (m, CH(CH3)2), 28.20 (m, CH(CH3)2), 
21.88 (s, CH(CH3)2), 21.50 (s, CH(CH3)2), 21.33 (s, CH(CH3)2), 20.25 (s, CH(CH3)2), 20.17 (s, CH(CH3)2), 
19.69 (s, CH(CH3)2), 19.57 (s, CH(CH3)2). 
31P{1H} (162 MHz, 70% CD3CN and 30% C6D6, 23 °C) 
δ:1046.05 (br s, μ-P), 86.40 (s, Mo–P), 74.62 (d, J = 20.19 Hz, Mo–P). FTIR: (ν) 2976 (m), 2877 (m), 1610 
(m), 1587 (w), 1567 (w), 1537 (w), 1524 (w), 1464 (m), 1450 (m), 1439 (m), 1426 (w), 1385 (w), 1354 (s), 
1276 (s), 1161 (s), 1123 (s), 1046 (w), 1022 (w), 930 (w), 887 (m), 839 (m), 764 (m), 744 (w), 713 (m), 
683 (m), 670 (m), 639 (s), 598 (w), 580 (w), 508 (m), 490 (m) cm-1. Anal. Calcd. for 6H•DME 
C128H115B2F48Mo2O2P5 (%): C, 51.84; H, 3.91; N, 0.00 Found: C, 51.76, H, 4.09, N, <0.01. 
 
Synthesis of 6D 
The compound was synthesized from 4 (35 mg, 0.017 mmol) and [(Et2O)2D][BAr
F
24] (20 mg, 0.019 mmol). 
Yield 38 mg (77 %). 31P{1H} (162 MHz, 70 % CD3CN and 30 % C6D6, 23 °C) δ: 1047.14 (br s, μ-P for 
6D), 1046.16 (br s, μ-P for 6H), 86.42 (s, Mo–P), 74.63 (d, J = 20.12 Hz, Mo–P). FTIR: (ν) 2976 (m), 2877 
(m), 1610 (m), 1587 (w), 1567 (w), 1537 (w), 1464 (m), 1453 (m), 1439 (m), 1426 (w), 1385 (w), 1354 (s), 
1276 (s), 1161 (s), 1123 (s), 1046 (w), 1022 (w), 930 (w), 887 (m), 839 (m), 764 (m), 744 (w), 713 (m), 
683 (m), 670 (m), 639 (s), 598 (w), 580 (w), 508 (m), 490 (m) cm-1. 
 
Synthesis of 7 
 
A solution of 4 (15 mg, 0.075 mmol) in DME (4 mL) was added to a 20 mL scintillation vial charged with 
a stir bar. A second 20 mL scintillation vial was charged with a THF solution [Fc][BArF24] (10 mg, 0.0095 
mmol). Both solutions were frozen in an LN2 cooled cold well. The two solutions were combined, with 
stirring, immediately upon thawing, and then left to stir for 3 hours. The volatiles were removed under 
reduced pressure to afford a reddish-purple solid. The solid was washed sequentially with hexane and 
benzene. Yield 17 mg (78%). Anal. Calcd. for 7•0.5THF C126H113B2F48Mo2O0.5P5 (%): C, 52.18; H, 3.83; 
N, 0.00 Found: C, 52.10, H, 4.15, N, <0.01.  
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NMR Spectra 
Figure S1—1H NMR Spectrum (400 MHz, C6D6, 23°C) of 3. 
Figure S2—13C{1H} NMR Spectrum (101 MHz, C6D6, 23°C) of 3. The insets show enlargements of the aromatic 
and aliphatic regions of the spectrum, including chemical shift labels. 
 
Figure S3—31P{1H} NMR Spectrum (162 MHz, C6D6, 23°C) of 3. The insets show enlargements of the bridging 
phosphide (left) and Mo-bound phosphine (right) resonances. 
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Figure S4—1H/1H COSY NMR Spectrum (400 MHz, C6D6, 23°C) of 3. The inset shows an enlargement of the 
aromatic region of the spectrum. 
Figure S5—Partial 1H/13C HSQC NMR Spectrum (400/101 MHz, C6D6, 23°C) of 3. The insets show enlargements 
of the aromatic (left) and aliphatic (right) regions. 
Figure S6—1H/13C HMBC NMR Spectrum (400/101 MHz, C6D6, 23°C) of 3. 
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Figure S7—1H NMR Spectrum (500 MHz, THF-d8, 25°C) of 4. 
Figure S8—13C{1H} NMR Spectrum (126 MHz, THF-d8, 25°C) of 4. 
Figure S9—31P{1H} NMR Spectrum (162 MHz, THF, 23°C) of 4. 
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Figure S10—Partial 1H/1H COSY NMR Spectrum (500 MHz, THF-d8, 23°C) of 4. 
Figure S11—Partial 1H/13C HSQC NMR Spectrum (500/126 MHz, THF-d8, 23°C) of 4. 
Figure S12—Partial 1H/13C HMBC NMR Spectrum (500/126 MHz, THF-d8, 23°C) of 4. 
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Figure S13—1H NMR Spectrum (400 MHz, C6D6, 23°C) of 5H. 
 
 
Figure S14—13C{1H} NMR Spectrum (101 MHz, C6D6, 23°C) of 5H. 
 
Figure S15—31P{1H} NMR Spectrum (162 MHz, C6D6, 23°C) of 5H. 
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Figure S16—1H/1H COSY NMR Spectrum (400 MHz, C6D6, 23°C) of 5H. 
 
Figure S17—Partial 1H/13C HSQC NMR Spectrum (400/101 MHz, C6D6, 23°C) of 5H.  
 
Figure S18—1H/13C HMBC NMR Spectrum (400/101 MHz, C6D6, 23°C) of 5H. 
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Figure S19—1H NMR Spectrum (400 MHz, C6D6, 23°C) of 5D. 
 
Figure S20—31P{1H} NMR Spectrum (162 MHz, C6D6, 23°C) of 5D 
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Figure S21—1H NMR Spectrum (400 MHz, 70% CD3CN and 30% C6D6, 23°C) of 6H. 
 
Figure S22—13C{1H} NMR Spectrum (101 MHz, 70% CD3CN and 30% C6D6, 23°C) of 6H. 
 
Figure S23—31P{1H} NMR Spectrum (162 MHz, 70% CD3CN and 30% C6D6, 23°C) of 6H.  
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Figure S24—1H NMR Spectrum (400 MHz, 70% CD3CN and 30% C6D6, 23°C) of 6D. 
 
Figure S25—13C{1H} NMR Spectrum (101 MHz, 70% CD3CN and 30% C6D6, 23°C) of 6D. 
 
Figure S26—31P{1H} NMR Spectrum (162 MHz, 70% CD3CN and 30% C6D6, 23°C) of 6D.  
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IR measurements 
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Figure S27—ATR-IR spectrum of 5H. 
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Figure S28—ATR-IR spectrum of 5D. 
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Figure S29— Superimposed IR spectra of 5H (black) and 5D (red). The intensities of the IR spectra were normalized 
by dividing the percent transmittance of 5D by 1.89. 
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Figure S30— Subtracted IR spectrum between 5H and 5D. 
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Figure S31— ATR-IR spectrum of 6H. 
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Figure S32— ATR-IR spectrum of 6D. 
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Figure S33— Superimposed IR spectra of 6H (black) and 6D (red). The intensities of the IR spectra were normalized 
by multiplying the percent transmittance of 6H by 1.2. The inset shows an enlargement between 2600 cm-1 and 1400 
cm-1. 
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Figure S34— Subtracted IR spectrum between 6H and 6D. 
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Electrochemical Measurements
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Figure S35. Cyclic voltammograms (bottom) and square wave voltammograms (top) of 4 in a THF solution (0.75 
mM) containing 0.1 M TBAP at room temperature under N2. The cyclic voltammograms were recorded at a scan rate 
of 20 mV/s. Square wave voltammograms were acquired under the following conditions: pulse width = 35.0 ms, 
sampling time = 35.0 ms, cycle period = 200 ms, amplitude = 10 mV.  
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Figure S36. Cyclic voltammograms (bottom) and square wave voltammograms (top) of 5 in a THF solution (0.75 
mM) containing 0.1 M TBAP at room temperature under N2. The cyclic voltammograms were recorded at a scan rate 
of 20 mV/s. Square wave voltammograms were acquired under the following conditions: pulse width = 35.0 ms, 
sampling time = 35.0 ms, cycle period = 200 ms, amplitude = 50 mV.  
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Figure S37. Cyclic voltammograms (bottom) and square wave voltammograms (top) of 6H in a THF solution (0.75 
mM) containing 0.1 M TBAP at room temperature under N2. The cyclic voltammograms were recorded at a scan rate 
of 20 mV/s. Square wave voltammograms were acquired under the following conditions: pulse width = 35.0 ms, 
sampling time = 35.0 ms, cycle period = 200 ms, amplitude = 10 mV. Redox wave at -0.47 V vs Fc/Fc+ corresponds 
to the 4 as a small amount of impurity.  
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Table S1  Redox potentials for 4-6Ha 
 E1/2/V (Epb)   
Complex Oxidation  Reduction 
4 -0.52 (97) 0.16 (96) -2.19 (228) 
5 -0.36 (irr)c  -1.84 (123) 
6H 0.12 (109)  -1.55 (irr)c 
aMeasured for the THF solutions of the complexes containing 0.1 M TBAP at 25°C under N2 atmosphere. Potentials 
are given in volts vs. Fc/Fc+. bEp denotes the peak-to-peak separation between the anodic and cathodic waves. cThe 
values are those for the irreversible processes. For such cases, Ep is written as irr.  
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EPR Spectroscopy 
 
Figure S38. X-band CW EPR spectrum of a 2Me-THF glass (77 K) of 7. Experimental conditions: microwave 
frequency = 9.391 GHz; power = 6.4 mW. 
Attempts to simulate the experimental EPR spectrum afforded unsatisfactory fits. Complex 7 is EPR silent 
at room temperature (due to fast relaxation) and shows a very broad rhombic signal at 77K in a 2Me-
THF glass (see above). Some of the hyperfine coupling was not resolved and can be obscured by applying 
strong line broadening functions in the simulation. Additionally, a related S=1/2 mononuclear Mo 
phosphido complex shows highly anisotropic hyperfine coupling values.[3] Though a high quality fit would 
require detailed pulse EPR experiments that are beyond the scope of the present study, the major features 
of the experimental spectrum can be best reproduced when one large (ca. 110 MHz) and four smaller (ca. 
35 MHz) and equivalent 31P hyperfine coupling interactions are included, consistent with the 
crystallographically determined structure of compound 7.  
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Additional NMR Spectral Data 
Protonation of 4: Protonation of 4 was examined via addition of [(Et2O)2H][BAr
F
24] (Figure S39) or 
pyridinium triflate ([pyH][OTf], Figure S40) to the DME solution of 4. Addition of 1 equiv. of 
[(Et2O)2H][BAr
F
24] resulted in observation of peaks corresponding to 6H (Figure S39, middle). There were 
not big difference between two spectra of 4 in the presence of 1 equiv. and 2 equiv. of [(Et2O)2H][BAr
F
24]. 
The protonation with [pyH][OTf] (3, 12, and 36 equiv.) was examined in THF. Complex 4 was partially 
protonated with [pyH][OTf]; around 10% of the starting material, 4, was protonated in the presence of 36 
equiv. of [pyH][OTf]. This indicates that complex 4 is more acidic rather than [pyH][OTf]. The samples 
were made by stirring 4 in THF and the pyridinium salts in THF for 20 minutes prior to the measurements. 
The NMR spectra did not change after 2 days. 
 
 
Figure S39. 31P {1H} NMR spectrum of the solution of 4 in DME in the presence of [(Et2O)2H][BArF24]. 
  
4 
6H 
6H 
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Figure S40. Partial 1H  (presaturated at 3.6 and 1.7 ppm) and 31P{1H} NMR spectra of 4 in THF in the presence of 3 
(top) 12 (middle), and 36 (bottom) equivalents of pyridinium triflate ([pyH][OTf]). Resonances emphasized with black 
and blue shading correspond to 4 and 6H, respectively. 
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Deprotonation of 6H. Deprotonation of 6H was performed by the addition of excess amount of DMAP to 
the THF solution of 6H and 4 (6H : 4 = 70 : 30). The deprotonation of 6H is slower than the protonation of 
4. Complete deprotonation was observed 14 h after addition of base. 
  
Figure S41. 31P {1H} spectral change of 6H by deprotonation. The NMR spectra were taken before addition of DMAP 
(top, 6H : 4 = 70 : 30), 30 minutes (middle) and 14 hours (bottom) after addition of DMAP (12 equiv.).  
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Figure S42—1H NMR Spectra (400 MHz, 23°C) of 6H in 70% CD3CN and 30% C6D6 (top) and THF (bottom, THF 
resonances were presaturated.). 
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Figure S43. 31P{1H} (top) and 31P NMR spectra (bottom) of 6H (162 MHz, 23 °C, THF). The ΔfFWHM of the low-field 
31P resonance (99.95 Hz (top) & 117.57 Hz (bottom)) is only slightly broadened upon 1H coupling. 
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Figure S44—1H{31P} NMR spectra (400 MHz, d8-THF, 23°C) of 6H. From top to bottom: without 31P decoupling, 
31P decoupled at 74 ppm, 31P decoupled at 86 ppm, and 31P decoupled at 1045 ppm. 
Discussion of the assignment of 6H: 
Though the data are not conclusive, the NMR and IR spectroscopy are most consistent with assignment of 
6 as a Mo2-μ-PH complex. 
 
Based off of both the 1H (Figure S21 and S24) and 31P{1H} (Figure S23 and S26) NMR spectra, compound 
6 is Cs symmetric in solution. Addition of a single proton to 4 would require either protonation at the μ-P 
or Mo center to maintain such a structure; moreover, the expected resonances for an unchanged ancilliary 
P2 ligand are observed in both the 1H (Figure S21 and S24) and 13C{1H} (Figure S22 and S25) NMR 
spectra. 
 
No hydride resonance is observed in the 1H NMR spectrum, extending out to -45 ppm (Figure S42), and no 
Mo-H/D stretch is seen in the IR spectra of 6H/D, respectively (Figure S31 and S32). This contrasts 5H/D, 
where clear IR signals for the Mo-H/D bonds are observed (Figure S30). 
 
Unfortunately, the proposed μ-PH proton is likewise not observed in the proton NMR spectrum (Figure 
S21). This has precedent for both U–PH–K[12] and Th2-μ-PH complexes,
[13] in which no P-bound proton 
was observed in the 1H NMR spectra. The 31P{1H} resonance for 6H is broad (ΔfFWHM ≈ 100 Hz) and 
broadens slightly upon proton coupling (Figure S43). Examining selectively 31P decoupled 1H spectra did 
not resolve the P–H peak in the 1H NMR spectrum (Figure S44). Contrasting typical 1J(P,H) scalar 
couplings, which are often several hundreds of Hz, characterized phosphinidene P–H couplings are reported 
to be significantly smaller—107,[13] 117,[14] and 175[15] Hz for the three complexes in which coupling is 
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resolved. The breadth of the low-field 31P resonance in 6 is attributable to a fluxional process that is 
intermediate on the NMR timescale. A deprotonation or proton exchange process can be ruled out 
experimentally, as deprotonation of 6H is kinetically slow (Figure S41). The fluxional process may be 
conformational, but the exact nature remains unclear. 
 
While P–H stretches are reported for previously reported phosphinidene complexes (ca. 2100-2200 cm-1), 
these stretches are very weak and generally broad.[13] Even after preparing 6H and 6D, clear P–H stretches 
were not observed in the IR difference spectrum of the isotopologs (Figure S34). 
 
The best direct support for the phosphinidene assignment is the isotopic sensitivity of the μ-P resonance of 
6H/D. Upon deuteration, the downfield 31P resonance shifts 1 ppm downfield, as is clearly demonstrated in 
isotopic mixtures of 6H and 6D (Figure S26). This same isotopic sensitivity is not observed for the μ-
phosphide resonance of 5H/D, which does not shift between the hydride and deuteride complexes (compare 
Figure S15 to Figure S20). 
 
Though the preponderance of the data supports a P–H assignment, and literature precedent corroborates the 
spectral phenomena described herein, we still cannot definitively exclude the possibility of a Mo–H or a 
Mo–PH complex with a strong Mo–H agostic interaction, an observation reported previously. 
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Figure S45— 31P {1H} NMR spectra of 6H in DME during the heating at 50 °C (top). A peak at 43 ppm corresponds 
to the internal standard in capillary tube (triphenylphosphine sulfide in C6D6). Kinetic profiles of the 6H (red) complex 
during heating (bottom), where the relative integration was estimated from the peak integration of the internal 
standard. During the reaction new singlet peak was observed at 27 ppm. The integrations of the peak were plotted as 
gray circles. 
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Figure S46—1H (left) and 31P {1H} NMR spectra (400 and 162 MHz, respectively, THF) of 4 under N2 (red) and H2 
(green) atmosphere. The spectra in H2 did not change after leaving the sample at room temperature for a day. 
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Figure S47—31P{1H} NMR spectra of 5 in THF (top) and the solution after mixing 5 and 2 equivalent of [Fc][BArF24] 
in THF (bottom). Resonances shown in black, red, and blue bands correspond to 4, 5, and 6H, respectively. The 
inverse proton/hydride isomerism was examined by adding 2 equivalent of CoCp2 to 6H. In this reaction, 4 was 
obtained after the reduction. 
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Figure S48—31P {1H} NMR spectra of 6H (12 mM), 4 (4 mM) and 5H (12 mM) in THF at room temperature. 
Resonances shown in black, red, and blue, green bands correspond to 4, 5H, 6H, and [P2]MoII(H)2, respectively. 
Bottom: Kinetic profiles of the dimolybdenum complex during bimolecular hydrogen production between 5H and 6H 
in THF at room temperature based on the peak integration in 31P {1H} spectra. Black triangle: 4, red circle: 5H, blue 
square: 6H, green triangle: [P2]MoII(H)2. Inset shows sum of concentration of dinuclear metal phosphides. 
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Figure S49—31P {1H} NMR spectra of (tBuxanPOP)RhCl (top), (tBuxanPOP)Rh(H)2Cl (middle) in C6D6. The bottom 
spectrum is 31P {1H} NMR spectrum of (tBuxanPOP)RhCl after H2 gas trapping experiment. In the experiment setup, 
(tBuxanPOP)RhCl was dissolved in benzene while 5H and 6H were dissolved in THF in separate flask. The evolved 
H2 gas was trapped by (tBuxanPOP)RhCl as cis-dihydride complex. After stirring the solution for 3 days at room 
temperature, volatiles in the left flask containing the rhodium complex were removed in vacuum, and then the 
remaining solid was dissolved in C6D6 to measure 31P {1H} NMR.  
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Figure S50—31P {1H} NMR spectra of 5H (162 MHz, THF) in the presence of weak acid. Top: before addition of 
acid, second from top: after addition of [EtP2DMAH][BArF24] (1.1 equiv.), middle: after addition of [t-BuP1H][BArF24] 
(1.1 equiv.), second from bottom: 30 min after addition of [DBUH][BArF24] (1.1 equiv.), bottom: 10h after addition 
of [DBUH][BArF24]. EtP2DMA = 1-Ethyl-2,2,4,4,4-pentakis(dimethylamino)-2λ5,4λ5-catenadi(phosphazene), t-
BuP1= tert-Butylimino-tris(dimethylamino)phosphorane, DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene.  
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Crystallographic Information 
 
CCDC deposition numbers 1856288-1856289 and 1856646-1856647 contain the supplementary 
crystallographic data for this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
 
Refinement Details—In each case, crystals were mounted on a MiTeGen loop using Paratone oil, then 
placed on the diffractometer under a nitrogen stream. Low temperature (100 K) X-ray data were obtained 
on a Bruker D8 VENTURE Kappa Duo PHOTON 100 CMOS based diffractometer (Mo IμS HB micro-
focus sealed X-ray tube, Kα = 0.71073 Å). All diffractometer manipulations, including data collection, 
integration, and scaling were carried out using the Bruker APEXIII software.[16] Absorption corrections 
were applied using SADABS.[17] Space groups were determined on the basis of systematic absences and 
intensity statistics and the structures were solved in the Olex 2 software interface[18] by intrinsic phasing 
using XT (incorporated into SHELXTL)[19] and refined by full-matrix least squares on F2. All non-hydrogen 
atoms were refined using anisotropic displacement parameters. Hydrogen atoms were placed in the 
idealized positions and refined using a riding model, unless noted otherwise. The structures were refined 
(weighed least squares refinement on F2) to convergence. Graphical representations of structures with 50% 
probability thermal ellipsoids were generated using the Diamond 3 visualization software.[20]
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Table S2—Crystal and refinement data for complexes 3, 4, 5H and 7. 
 3 4 5H 7 
CCDC Number[21] 1856288 1856289 1856646 1856647 
Empirical formula 
C60H80ClMo2P5   C104H116BF24Mo2
O3P5 
C69.39H81Mo2P5 C128H114B2F48Mo2
O2P5 
Formula weight 1183.42 2227.50 1261.76 2964.54 
T (K) 100 100 100 100 
a, Å 11.8746(9) 12.2440(4) 19.8411(10) 12.595(2) 
b, Å 14.7473(11) 16.2106(5) 16.8014(8) 16.622(4) 
c, Å 17.0077(13) 26.1554(9) 21.606(2) 16.811(3) 
α, ° 105.040(2) 102.6320(10) 90 64.923(9) 
β, ° 91.616(2) 100.3340(10) 115.367(4) 79.933(7) 
, ° 97.773(2) 97.7210(10) 90 83.459(10) 
Volume, Å3 2843.7(4) 4901.4(3) 6508.2(8) 3135.6(11) 
Z 2 2 4 1 
Crystal system Triclinic Triclinic Monoclinic Triclinic 
Space group P1¯  P1¯  P21/n P1¯  
dcalc, g/cm3 1.382 1.509 1.318 1.570 
 range, ° 2.479 to 35.999 2.101 to 35.019 2.21 to 42.78 2.18 to 35.60 
µ, mm-1 0.666 0.435 0.548 0.387 
Abs. Correction Semi-empirical Semi-empirical Semi-empirical Semi-empirical 
GOF 1.051 1.015 1.086 1.082 
R1 ,a wR2 b [I>2(I)] 0.0254, 0.0572 0.0544, 0.0969 0.0594, 0.1381 0.594, 0.1229 
Radiation Type Mo Kα Mo Kα Mo Kα Mo Kα 
a R1 = ∑||Fo| - |Fc||/∑|Fo|.  b wR2 = [∑[w(Fo2-Fc2)2]/∑[w(Fo2)2]1/2.
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Figure S51—Structural drawing of 3 with 50% probability anisotropic displacement ellipsoids. H-atoms are omitted 
for clarity. 
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Figure S52—Structural drawing of 4 with 50% probability anisotropic displacement ellipsoids. H-atoms, outer sphere 
anions, and THF solvate molecules are omitted for clarity. 
Note: 
There are two distinct para-P2 Mo units in the asymmetric unit. The Mo–μ-P distances in these molecules 
are 2.2769(2) and 2.2725(2) Å, for Mo1 and Mo2 respectively. Likewise, the average Mo–Carene distances 
are 2.302(2) and 2.299(2) for Mo1 and Mo2, respectively. The averages of these values are reported in the 
text of the manuscript. 
Special Refinement Details: 
One of the isopropyl methine and methyl groups (C55 and C56) is positionally disordered, but was 
satisfactorily modeled over two positions in a 58:42 ratio and refined without restraints. Additionally, one 
of the CF3 groups of the BAr
F
24 counterion (C92 and F22A through F24B) shows positional disorder. This 
motif was satisfactorily modeled over two positions, in an 89:11 ratio. The 1,2 and 1,3 distances of these 
disordered CF3 groups were restrained to be equivalent and enhanced rigid bond restraints were applied. 
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Figure S53. Structural drawing of 5H with 50% probability anisotropic displacement ellipsoids. H-atoms and outer 
sphere anions are omitted for clarity. 
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Figure S54. Structural drawing of 7 with 50% probability anisotropic displacement ellipsoids. H-atoms are omitted 
for clarity. 
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